The Combination Therapy of Hypertension to Prevent Cardiovascular Events (COPE) trial demonstrated that the calcium-channel blocker benidipine-based combination therapies with an angiotensin-receptor blocker (ARB), a b-blocker, or a thiazide diuretic (thiazide) were similarly effective in preventing cardiovascular events and achieving the target blood pressure (BP; o140/ 90 mm Hg). We further evaluated the efficacy and safety of these combination therapies in older (X65 years) and younger (o65 years) hypertensive patients. In this sub-analysis of the COPE trial 3293 patients (1533X65 years old and 1760 o65 years old) were randomly assigned to receive benidipine-based therapy with an ARB, a b-blocker or a thiazide. In each group, the average BP did not differ among the three treatment groups. The incidence of the primary cardiovascular composite end point in the older group was higher than in the younger group (12.7 vs. 8.3 per 1000 person-years, P¼0.023). The primary composite cardiovascular end point, achievement (%) of target BP, and cardiovascular hard composite end points were similar among the three treatment groups. However, the hazard ratios and 95% confidence intervals in older patients were 2.74 (1.08-6.96; b-blocker vs. thiazide, P¼0.022) for fatal and non-fatal stroke, and 2.47 (1.03-5.91; b-blocker vs. ARB, P¼0.043) for newonset diabetes. Thus, benidipine combined with an ARB, a b-blocker, or a thiazide was similarly effective in preventing cardiovascular events and achieving the target BP in both older and younger hypertensive patients. Further studies will be necessary to evaluate the usefulness of benidipine combined with a b-blocker in terms of the incidence of stroke and new-onset diabetes in older patients.
INTRODUCTION
It is well established that antihypertensive treatment reduces cardiovascular morbidity and mortality even in elderly patients with hypertension. [1] [2] [3] Recently, the Hypertension in the Very Elderly Trial (HYVET) documented the efficacy of antihypertensive therapy to reduce cardiovascular mortality in hypertensive patients aged X80. 4 Many guidelines for management of hypertension, including the Japanese Society guideline, recommend tight blood pressure (BP) control to o140/90 mm Hg. [1] [2] [3] It is well-known that the majority of hypertensive patients will require at least two antihypertensive drugs to reach the target BP. [1] [2] [3] Benidipine is a potent and long-acting dihydropyridine calciumchannel blocker (CCB), which inhibits not only L-type and N-type calcium channels but also T-type calcium channels, and regulates the constriction and dilation of renal efferent arterioles. 5 The Combination Therapy of Hypertension to Prevent Cardiovascular Events (COPE) trial is a prospective, randomized, open-label, blinded-endpoint (PROBE) study to determine the optimal combination of CCB benidipine-based therapy for hypertension, 6, 7 and the main results have demonstrated that the percentage of subjects achieving the target BP and the incidence of primary composite cardiovascular end points were similar among benidipine-thiazide diuretic (thiazide), benidipine-angiotensin-receptor blocker (ARB) and benidipine-b-blocker subgroups. However, second analyses suggested that benidipine combined with a b-blocker appeared to be less beneficial in reducing the risk of stroke compared with the benidipine-thiazide combination, and was associated with an increased incidence of new-onset diabetes compared with the benidipine-ARB combination.
It remains unknown which combination therapy is valuable for achieving the target BP and preventing the occurrence of cardiovascular events during treatment for hypertension in the elderly, although tight BP control to o140/90 mm Hg is recommended for the elderly. [1] [2] [3] Thus, in this sub-analysis of the COPE trial, we aimed to determine which combination was useful to achieve the target BP and prevent the occurrence of cardiovascular events in hypertensive patients X65 years old.
METHODS

Study design, setting and participants
The COPE trial was an investigator-initiated multi-center study with PROBE design that compared cardiovascular effects and achievement of target BP (o140/90 mm Hg) with three dihydropyridine CCB benidipine-based regimens (ARB, b-blocker or thiazide) in 3501 hypertensive patients who did not achieve the target BP with benidipine 4 mg per day. 6, 7 The rationale and design, trial management, and the main results of the COPE trial have already been reported. 6, 7 In brief, participants with a sitting systolic BP of X140 mm Hg or a diastolic BP of X90 mm Hg, or both if untreated, or whatever the treatment, were men and women aged 40-85 years who did not achieve the target BP (o140/90 mm Hg) with a sitting position at clinic with monotherapy of benidipine 4 mg per day in the run-in phase (4-8 weeks). These patients were randomly assigned to receive benidipine combined with an ARB, a b-blocker or a thiazide. After the randomization, all patients were followed-up for at least 3 years until the trial was terminated. The BP management titration algorithm, together with other details on the study design, were as described previously. 6, 7 At each follow-up visit, we obtained information about any suspected composite end point or adverse event. The median follow-up was 3.6 years. 7 
Outcome measures
A pre-specified post-hoc analysis was made to compare the cardiovascular effects of benidipine-based combination regimens (benidipine-ARB vs. benidipine-b-blocker vs. benidipine-thiazide) in older (X65 years old) and younger patients (o65 years old). The evaluated end points were consistent with the original trial design and included the primary and secondary end points of the COPE trial: 6 co-primary end points; composite of cardiovascular morbidity and mortality (sudden death, fatal or non-fatal stroke, fatal or non-fatal myocardial infarction, hospitalization due to unstable angina, new onset of heart failure (New York Heart Association class II-IV), new onset or worsening of peripheral arterial disease, and renal events defined as serum creatinine level doubled to over 2 mg dL -1 , serum creatinine X4.0 mg dL -1 , or renal dialysis), and achievement of target BP (o140/90 mm Hg); and secondary end points: all-cause mortality, hard composite cardiovascular events (cardiovascular death, non-fatal myocardial infarction and non-fatal stroke excluding transient ischemic attack), new onset of diabetes and adverse events.
Statistical methods
In total, 3293 patients (1110, benidipine-ARB; 1089, benidipine-b-blocker; and 1094, benidipine-thiazide) who were prescribed a combination treatment were compared in the two groups with full-set analysis to specifically evaluate benidipine-based combination therapy for elderly hypertension in the COPE trial. 7 Patient characteristics were reported as mean ± s.d. or percentage. Continuous variables were compared with Student's t tests or one-way analysis of variance, as appropriate. Categorical variables were compared with w 2 test. In one of the primary analyses, the proportion of patients who achieved the target BP was compared using w 2 test between the treatment groups. Survival curves were generated by the Kaplan-Meier method for the primary cardiovascular composite end point and secondary end points among three treatment groups. Survival curves were compared using log-rank test. Confidence intervals (CIs) were calculated using Cox proportional hazards model. The proportion of patients who reported adverse events was also compared using w 2 test. All data were analyzed using SAS System Release 9.1 (SAS Institute, Cary, NC, USA). All reported P values are two-sided.
RESULTS
Demographic and baseline patient characteristics of the COPE trial are shown in Table 1 . Among the 3293 patients in the COPE trial, 1533 patients (46.6%) were X65 years old and 1760 patients (53.4%) were o65 years old. In both age groups, baseline characteristics were well matched among those randomized to the three regimens.
At baseline, the mean age of the older group was 72.6 years and the younger group was 54.7 years. Systolic BP in the older group was higher at baseline (mean: 155 ± 11 mm Hg in the older group and 153±12 mm Hg in the younger group), the older group had lower diastolic BP (85 ± 9 vs. 92 ± 9 mm Hg) and hence wider pulse pressures. The older group had higher rates of previous cardiovascular disease (18.3 vs. 7.1%), which were mainly stroke (4.4% vs. 
Blood pressure
The reduction in BP from baseline was similar among the three treatment groups in both age groups over the course of the trial. At the end of the treatment phase, mean average BP in the younger group and older group was 134 ± 15/80 ± 10 mm Hg and 135 ± 15/ 74 ± 10 mm Hg, respectively. Table 2 shows means of BP at the end of the treatment phase and proportion of patients achieving target BP among patients aged X65 years and patients aged o65 years. Diastolic BP in the older group was significantly lower than that in the younger group, whereas systolic BP did not differ between the two age groups. Average BP did not differ among the three treatment groups in each age group (Table 2) . At the end of treatment, the percentage of patients who achieved the target BP did not differ among the three treatment groups in each age group nor between the two age groups. Table 3 shows the incidence of primary cardiovascular composite end point and secondary end points in the benidipine-ARB, benidipine-b-blocker, and benidipine-thiazide groups, respectively. The incidence of primary cardiovascular composite end point in the older group was higher than in the younger group (12.7 vs. 8.3 per 1000 person-years). Figure 1 shows the survival curves for time to first primary cardiovascular composite end points in the younger and older groups. Although compared with the benidipine-thiazide group, the hazard ratio was higher in the benidipine-ARB and benidipine-b-blocker Combination therapy for hypertension in the elderly T Ogihara et al groups of the younger group, and compared with the benidipinethiazide or ARB groups, the hazard ratio was higher in the benidipineb-blocker group of the older group, the difference in the incidence of the primary cardiovascular composite end point among the three treatment groups did not reach statistical significance. As for secondary end points (Table 3) , the incidence of cardiovascular hard composite end points was higher in the older group than in the younger group (7.5 vs. 4.3 per 1000 person-years). As shown in Figure 2 , although compared with the benidipine-thiazide group, the hazard ratio was higher in the benidipine-ARB and benidipine-bblocker groups of the younger group, the incidence of the cardiovascular hard composite end points did not differ among the three treatment groups of the younger and older groups, respectively. Figure 3 shows the survival curves for time to first fatal and nonfatal strokes in the two age groups. The hazard ratio of fatal and nonfatal strokes was significantly higher in the benidipine-b-blocker group than in the benidipine-thiazide group of the older group, whereas it did not differ among the three treatment groups of the younger group (Figure 3 ), although the incidence of fatal and non-fatal stroke was not different between the younger and older groups ( Table 3) . The incidence of all-cause mortality was higher in the older group than in the younger group (10.1 vs. 2.4 per 1000 person-years) as shown in Table 3 , whereas the incidence of all-cause mortality was not different among the three treatment groups of the two age groups ( Figure 2 ). In addition, compared with the benidipine-ARB group, the hazard ratio of the incidence of new-onset diabetes was significantly higher in the benidipine-b-blocker group of only the older group, whereas it did not differ among the three treatment groups of the younger group (Figure 2 ), although the incidence of new-onset diabetes was not different between the two age groups. Table 4 shows the adverse events reported in the COPE trial. Overall, older patients reported more adverse events than younger patients. Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BB, b-blocker; BP, blood pressure; CCB, calcium channel blocker; TD, thiazide diuretic. Data are shown as number of patients (%) or mean±s.d. a Differences in proportions among the three groups were analyzed using w 2 test and in means among the three groups were analyzed using one-way analysis of variance. b Differences in proportions between patients o65 years old and patients X65 years old were compared using w 2 test and in means between the two groups were compared using Student's t tests.
Cardiovascular outcomes
Safety
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Hyperuricemia, hyperkalemia and vertigo were more frequent in older patients than in younger patients. Furthermore, among both the older and younger groups, hyperuricemia and hypokalemia were more frequently reported in the benidipine-thiazide group. On the other hand, bradycardia was more frequent in the benidipine-b-blocker group compared with the other benidipine-based combinations in both older and younger patients. Alanine aminotranferase increase was more frequently reported in the benidipine-thiazide group than in the other treatment groups and only in younger patients. Hyperkalemia was more frequent only in the benidipine-ARB group of the older group. There were no significant differences among the three benidipine-based regimens concerning serious adverse events either in older or younger patients (Supplementary data).
DISCUSSION
Aging is associated with a progressive increase in aortic stiffness, and the majority of elderly people have isolated systolic hypertension. 8 This was consistently observed in patients X65 years old in the COPE trial. The main effect of CCBs is dilatation of coronary and peripheral arteries, indicating that CCBs are well suited for elderly patients whose hypertensive profile is potentially multiple organ damage, and are well tolerated by the elderly. 9,10 a Differences in proportions among the three treatment groups were analyzed using w 2 test and in means among the three treatment groups were analyzed using one-way analysis of variance. b Differences in proportions between patients o65 years old and patients X65 years old were compared using w 2 test and in means between the two age groups were compared using Student's t tests. Figure 1 Kaplan-Meier curves for time to first primary cardiovascular composite end point in the two age groups and three treatment groups. ARB, angiotensin receptor blocker; BB, b-blocker; CI, confidence interval; TD, thiazide diuretic. Figure 2 Hazard ratios for primary cardiovascular composite end point and secondary end points: cardiovascular hard end points, fatal and non-fatal stroke, all-cause mortality and new-onset diabetes in the two age groups and three treatment groups. Cardiovascular hard composite end points consist of cardiovascular death, fatal or non-fatal myocardial infarction, and stroke excluding transient ischemic attack. ARB, angiotensin receptor blocker; BB, bblocker; CI, confidence interval; TD, thiazide diuretic.
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The Japanese Trial to Assess Optimal Systolic Blood Pressure in Elderly Hypertensive Patients (JATOS) compared the 2-year effect of strict treatment to maintain systolic BP o140 mm Hg with that of mild treatment to maintain systolic BP o160 but X140 mm Hg in elderly hypertensive patients with a long-acting CCB, efonidipine hydrochloride. 11 This study demonstrated that the incidence of the primary combined end point (the incidence of cardiovascular disease and renal failure) was similar in the two groups, suggesting that complex clinical features were associated with aging. 11 The Japan's Benidipine Research on Antihypertensive Effects in the Elderly (J-BRAVE), which was an observational study of benidipine-based treatment in hypertensive patients X65 years old, showed that ontreatment, systolic BP X160 mm Hg was associated with a higher incidence of cardiovascular events, 12 suggesting that even in older hypertensive patients, systolic BP should be lower than at least 160 mm Hg. 13 In the COPE trial, the percentage of patients who achieved the target BP was higher than in the J-BRAVE study, and the incidence of cardiovascular events was lower, indicating that especially in older hypertensive patients, strict BP control is necessary to reduce cardiovascular events.
Most elderly persons will need more than two drugs to control their hypertension. 14 The Japanese Society of Hypertension Guidelines for the Management of Hypertension (JSH 2009) recommend to introduce combination therapy as the initial treatment for grade II (X160/100 mm Hg) hypertension. 2 And the 2009 Updated European Society of Hypertension (ESH) guidelines also state that if BP is 420/ 10 mm Hg above o140/90 mm Hg, consideration should be given for starting with two drugs. 15 The JSH 2009 guidelines recommend the addition of diuretics, ARB, angiotensin-converting enzyme inhibitor, and b-blockers to CCB for hypertensive patients; besides CCB combined with ARB, angiotensin-converting enzyme inhibitor or diuretics, and diuretics combined with ARB or angiotensin-converting enzyme inhibitor are recommended as combination therapy for elderly hypertension. 2 In addition, the American Society of Figure 3 Kaplan-Meier curves for time to first fatal and non-fatal stroke in the two age groups and three treatment groups. ARB, angiotensin receptor blocker; BB, b-blocker; CI, confidence interval; TD, thiazide diuretic. Hypertension (ASH) has listed CCB with ARB as the preferred combination therapy, and CCB with diuretics as an acceptable combination therapy. 16 These recommended combinations are expected to increase antihypertensive efficacy and to reduce adverse events; however, these are not proved by outcome studies. The findings of the COPE trial showed that benidipine-based thiazide, ARB and b-blocker therapy are equally effective in preventing the cardiovascular events in both older (X65 years old) and younger patients (o65 years old). Isolated systolic hypertension is an important component of BPrelated stroke risk. 17 A meta-analysis demonstrated that preventive effects against coronary heart disease were similar in different class-drugs, whereas b-blockers were worse in preventing stroke than the other classes of antihypertensive drugs including CCBs. 18 Furthermore, a recent study has shown that interindividual variation in systolic BP was significantly reduced by CCBs and non-loop diuretic drugs, but significantly increased by angiotensin-converting enzyme inhibitors, ARB and b-blockers; thus, the difference in the reduction of the risk of stroke was independent of the effects on mean systolic BP. 19 These results may support the results of the COPE trial, which demonstrated that the benidipine-thiazide combination reduced the risk of stroke more effectively than the benidipine-bblocker regimen in hypertensive patients, particularly those who were X65 years old.
Although the strength of the association between BP level and stroke decreased with age, the benefit of antihypertensive treatment might be important concerning the risk of stroke in the elderly. 20 However, the benefit of BP reduction regarding the risk of stroke was demonstrated in elderly patients treated for hypertension with thiazide-based therapy. 4, [21] [22] [23] [24] [25] [26] Furthermore, late elderly hypertensive patients (X80 years old) showed a 30% reduction of the risk of stroke in association with the reduction of all-cause mortality during indapamide-based treatment. 4 It is also reported that CCBs favor the prevention of stroke compared with regimens based on diuretics or bblockers. 27, 28 In addition, the risk of stroke decreases in relation to BP reduction rather than to a specific class of drugs. 29, 30 Furthermore, a meta-analysis showed no difference between younger (o65 years old) and older patients (X65 years old) in protection against major vascular events provided by major drug classes. 30 In the COPE trial, we observed a greater effect regarding the prevention of stroke in the benidipine-thiazide group as compared with the b-blocker group of the older group despite a similar reduction in BP among the three treatment groups. These results indicated that the benidipine-thiazide combination may be beneficial in patients X65 years old, and these results together with those of the COPE trial may support the recommendation of the JSH2009 guidelines for the treatment of hypertension in the elderly. 2 
Study limitations
First, we adopted the PROBE design, so that non-blinded treatment allocation could have influenced the attitude of patients and investigators toward compliance with the study medications or staying in the study. Second, because the sample size of this sub-analysis was relatively small, the optimal combination therapy for elderly hypertensive patients should be investigated in a future trial. Third, we randomly assigned one of the three classes of antihypertensive agents without any restriction regarding the drugs in each class. Although there were no significant differences in event rates among the three treatment groups between older and younger hypertensive patients, we cannot deduce that the present results were caused by drug class effects, especially in the case of b-blockers. Finally, due to the inherent limitations of any study such as this trial, the finding that a CCB combined with a b-blocker was inferior in terms of incidence of stroke and new-onset diabetes in hypertensive patients X65 years old should be confirmed or refuted by future studies.
In conclusion, CCB combined with an ARB, a b-blocker or a thiazide diuretic was similarly effective regarding prevention of cardiovascular events and achievement of the target BP in hypertensive patients o65 years old and those X65 years old who did not reach the target BP with 4 mg per day of benidipine. However, the incidence of fatal and non-fatal stroke was significantly higher, and new-onset diabetes was found more frequently in patients treated with CCB and a b-blocker than in those treated with the other combinations, especially in hypertensive patients X65 years. On the basis of the results of this sub-analysis, it is possible to conclude that CCB combined with diuretics or an ARB is a useful treatment for hypertensive patients X65 years old.
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